Bacteria of the Lactobacillus and Leuconostoc species are frequently encountered in Concentrated orange juice. Several strains have been identified with a type of spoilage known as "buttermilk off-flavor" characterized by the presence of diacetyl in the product. The processing conditions under which this substance is formed by the bacteria are not kinown. It is assumed, however, that the bacterial populations are probably large and that the enivironment in some stage of the evaporation process must be particularly favorable for the synthesis and accumulation of diacetyl. In support of this assumption, Hays anid Riester (1952) 
Bacteria of the Lactobacillus and Leuconostoc species are frequently encountered in Concentrated orange juice. Several strains have been identified with a type of spoilage known as "buttermilk off-flavor" characterized by the presence of diacetyl in the product. The processing conditions under which this substance is formed by the bacteria are not kinown. It is assumed, however, that the bacterial populations are probably large and that the enivironment in some stage of the evaporation process must be particularly favorable for the synthesis and accumulation of diacetyl. In support of this assumption, Hays anid Riester (1952) observed lactobacilli and leuconostoc in commercial citrus juice evaporators, particularly in the early stages where the concentration of the juice is relatively low.
From orange concentrate showing this type of spoilage, Hays (1951) isolated Lactobacillus brevis and Lactobacillus plantarum var. mobilis strains which were capable of growing in 35 Brix conicentrate. He states that these organisms came from the fruit, gained access to the evaporators with the feed juice, and multiplied in the citrus solids which were not being continually washed free from the surfaces of the evaporators. Murdock et al. (1952b) found two of the most prevalent spoilage organisms causing this type of offflavor to be species of the genera Lactobacillus and Leuconostoc. They found that the development of offflavor depended on the strain of organisms, the size of the inoculum, and the period of incubation. They believed it could be possible for off-flavors to develop in some types of evaporators where recirculation allows the juice to stay in the first effect for unusually long periods of time. However, they considered that the condenser was the most likely point for a buildup of contaminants to occur. Hays and Riester (1952) test organism was inoculated into orange serum broth, incubated for 24 hours then transferred to 12 Brix orange juice, and incubated overnight. Subcultures thus prepared were used to seed the orange juice or concentrate for growth rate determinations. The size of the inoculum was chosen to obtain initial counts in the range 100,000 to 300,000 organisms per ml. The inoculated flasks used in the growth rate studies were shaken continuously on a Kahn-type shaker at 40 oscillations per minute while incubated at 21 C. This temperature was chosen as representative of that existing in commercial evaporators during operation, and shaking was used to simulate the agitation of the juice during concentration. Aliquots of the seeded orange juices or concentrates were taken at the time of inoculation and at hourly intervals for seven hours. These samples were diluted and plated in duplicate on orange serum agar (Murdock et al., 1952a) . The plates were incubated at 30 C for Lactobacillus and 21 C for Leuconostoc. Plate counts were made at 24 to 36 hours for Leuconostoc and 48 hours for Lactobacillus.
Hays and Riester (1952) isolated L. brevis, strains B27 and B28, L. plantarum var. mobilis, B29 and B32, Leuconostoc dextranicum, B34 and B35, and L. mesenteroides, B42 and B47 from orange concentrate showing "buttermilk" spoilage. Subcultures of these strains were obtained from these investigators and used for these studies. When grown in orange juice, all of these organisms produced off-flavors characterized as being of the "buttermilk" type.
Growth rates for these organisms were determined in the following order: (1) in portions of 12 Brix juice at pH 3.4, 3.6, 3.8, and 4.0; (2) in portions of 18, 24, 32, 37, and 42 Brix concentrate at pH 3.8; and (3) in portions of 18 Brix concentrate at pH 3.4, 3.6, 3.8, and 4.0. All experiments were in triplicate except where cross checks were made (18 Brix at pH 3.8). In this case there was a total of six replicates. Both strains of each organism were treated in this manner; therefore, the values reported are averages of 3 to 6 determinations.
The logio of the number of organisms per ml was plotted against time. Usually the points fell along a straight line, indicating regular logarithmic growth. In those few cases where appreciable deviation from logarithmic growth was observed, the results of that fermentation were discarded and the experiment repeated.
The most probable line of logarithmic growth was calculated for each series of platings, and the replicates of each strain were averaged. The following formulas were used (Youden, 1951) :
where a is a constant representing the log1o of the initial microbial population, y is the log1o of the number of organisms per ml at time x in hours, and b is the slope of the line; and b = nxy-Zx2y nZx2 _ (2;X) 2 where n is the number of platings in a series. The increase in the log1o of the number of organisms per ml per hour will be referred to hereafter as the growth rate. In order to allow for a lag period during which the organisms became adjusted to the change in osmotic pressure of the medium, the initial counts were not used in the calculations. Instead, calculations were based upon the plate counts. beginning with the end of the first hour of incubation.
Generation times are based on the equation: = t log 2 g log b -log B (Porter, 1946) where g is the generation time, t is the time in hours, b is the number of bacteria per ml at time t, and B is the number of bacteria per ml at the beginning of the experimental period. If t is considered to be one hour, then log b -log B is the growth rate, and g log 2 growth rate RESULTS AND DISCUSSION In order to illustrate the course of the plate counts, a typical series of determinations is presented for L. plantarum var. mobilis in figure 1. In this case, the fermentations at pH 3.4, 3.8, and 4.0 were started from the same inoculum. The pH 3.6 fermentation was made on another day and the initial counts were different. 
GROWTH RATES OF BACTERIA IN ORANGE JUICE
The counts have been plotted on a logarithmic scale, and it will be noted that straight lines are formed indicating logarithmic growth.
The growth rates of two strains each of two species of Lactobacillus and of two species of Leuconostoc in orange juice at several concentrations and pH values are summarized in table 1. In general, both strains of each organism were very much alike in growth rates. With the exception of L. brevis at 37 Brix and pH 3.8, the differences are very small. It is of interest to note that much more erratic results were obtained when sterile media were stored for several days at about 4 C before use. This kind of result decreased when the sterile media were stored at -20 C. Evidently changes take place in orange juices at refrigerator temperatures which affect its quality as a culture medium. The highest growth rate found was that for L. mesenteroides in 12 Brix juice at pH 4.0. This organism was the only one studied which showed a negative growth rate in 12 Brix juice (at pH 3.4), indicating that this species is most sensitive to changes in pH of the four studied. In general, the two Lactobacillus species were very similar to each other, with L. plantarum var. SUMMARY Growth rates were determiined in orange juice and in orange concentrates for 8 strains of bacteria which had been isolated from commercial frozen orange concentrates exhibiting buttermilk off-flavor spoilage. The concentrations of orange juice varied from 12 to 42 Brix and the pH from 3.4 to 4.0. Leuconostoc species were more affected by changing pH than were Lactobacillus species. Leuconostoc mesenteroides was especially sensitive to pH change. Negative growth rates were observed for Leuconostoc mesenteroides at pH 3.4 in both 12 and 18 Brix, at pH 3.6 in 18 Brix, and at pH 3.8 in 42 Brix. Lactobacillus brevis also had a negative growth rate of pH 3.8 in 42 Brix. The most rapid growth observed was that of Leuconostoc mesenteroides at pH 4.0 in 12 Brix. This growth rate was equivalent to a generation time of 1.4 hours. It is believed that there is little chance of off-flavor development in commercial evaporators as a result of the growth of these organisms except in pockets or films where juice turnover is abnormally slow.
